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1.0 'PURPOSE 

The purpose of this plan is to identify those System 
Safety tasks that will be performed for the Space Tug System 
Study (Storable). 

1.1 Scope - This plan describes the System Safety activi- 
ties to be performed during the Space Tug System Study and shall 
terminate at the end of the study phase. 

1.2 Objective - The objective of this plan is to empha-. 
size the importance of safety in the conceptual design that 
effects ground and flight operations of a Space Tug using 
storable propellants. 
the manned Orbiter operations concept. 

The tug safety must be compatible with 

1.3 Applicable Documents - The applicable documents are 
to be used as reference material only for the study phase or 
as prescribed herein. 

a. NHB 5300.4 (lD), Safety, Reliability, Maintaina- 
bility and Quality Provisions for Space Shuttle 
Program. 

b. Data Package, Space Tug System Studies. 

c. KMI 1710.1B, The KSC Safety Program. 

d. AFETR 127-1, Volume I, Range Safety Manual. 

2.0 SYSTEM SAFETY APPROACH 

Concern for a low cost, high performance Space Tug con- 
figuration requires that each potentially hazardous situation 
be identified. Once the identifications are established, each 
hazardous situation must be assessed to determine the most cost 
effective approach to maintain an acceptable level of safety 
risk. In performing this study, Martin Marietta will: 

a. Evaluate each hazardous situation to determine the 
feasibility for elimination of each situation by 
design and remain within program and mission 
constraints. 

i 
, b. Determine the added margins of control provided by 

the selection of safety devices or performing margin 
of safety testing to reduce or control the hazard. I 

I 

-1- 
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'c. Assess the advantages related to crew caution and 
warning systems as a function of reducing or con- 

- trolling the hazards. - 
d. Identify the hazardous situations that can be 

satisfactorily controlled by procedures. 

These objectives will be accomplished within the context 
of a Phase A study and are commensurate with Section V (Space 
Tug System Safety Criteria) of the Data Package, dated April 
1973. 

2.1 Develop Program Safety Plan for Implementation - 
Martin Marietta will develop a System Safety Plan as an in-house 
document to be used by the Study Manager to track the safety 
effort. This method ensures that those safety concerns that 
are drivers in the design selection are not overlooked. 
serves as a management tool to maintain the safety effort re- 
quirements within the perimeters of a Phase A study. 

It also 

2.2 Identify Hazard Groupings - Hazard groups will be 
identified; i.e., Acceleration/Shock, Electrical, Pressure, Fire/ 
Explosion/Implosion, etc., to assist the designers in system 
and subsystem selection and as a basis for hazard identifica- 
tion. (See attachment 1.) 

0 
2 . 3  Review and Update System Safety Criteria - The System 

Safety criteria contained in the Data Package will be used to 
eliminate potentially catastrophic hazards in the design con- 
cepts to be recommended as Tug Options. Rationale will be 
developed for accepting risks as well as baselining additional 
System Safety criteria for Tug/Orbiter interfaces and inter- 
actions as required by the data package. 

- 2.4 Trade Studies - Safety will be a major consideration 2- - + -  

in all configuration trade studies. Results of trade studies 
will indicate that the selected concept includes the optimum 
safety provisions consistent with other program considerations. 

2.5 System Safety Analysis - The System Safety Analysis 
shall be qualitative and in sufficient detail to identify all 
catastrophic and critical hazards. The analysis consists of 
an iterative process of hazard identification and detailed 
analysis as described below. 

2.5.1 Hazard Identification - A potential hazard matrix 
will be developed for each configuration to provide a means to 
systematically identify all hazards. All operational phases 
from prelaunch through Shuttle touchdown and recycle will be 

', 
"h 

---. -2- 



examined to identify potential or inherent hazards. 
identified from other analyses, such as Failure Modes and 
Effects Analysis (FMEA), Operations and Maintenance Analysis, 
and Subsystem Safety Check Lists, will also be included in the 
potential hazard matrix. 
Hazard Matrix format.) 

Hazards 

(See Attachment 2 for Potential 

2.5.1.1 FMEA - FMEA will be the source of identifica- 
tion of hazards due to hareware failure and Single Failure 
Points (SFP) Categories I and I1 will be included in the poten- 
tial hazard matrix. 

2.5.1.2 Safety Checklist - System Safety Checklists will 
be developed from the Data Package safety requirements and 
existing checklists such as Skylab System Safety Checklists and 
AFSC Design Handbook DH1-6. 
by the design areas and each case of non-compliance will be 
included in the potential hazard matrix. 

The checklists will be completed 

2.5.1.3 Operations and Maintenance Analysis - Hazardous 
operations will be identified as a part of the operations and 
maintenance analysis of compliance with the requirements of 
KMI 1710.1B/SF. 
be included in the Potential Hazard Matrix. 

Operations identified as being hazardous will 

2.5.2 Hazard Analysis - The detailed analysis of identi- 
fied hazards will be accomplished and documented utilizing the 
Hazard Analysis format provided in Attachment 3. Analysis data 
will include all pertinent facts or assumptions used as the 
basis of analysis, calculations, reference data, and analysis 
performed to develop the rationale for classification of the 
hazard and disposition actions. 
design and operational requirements to eliminate/control the 
hazard. 

The analysis will also develop 

Each hazard will be classified, considering incorporated 
safety features, in accordance with the following hazard levels: 

a. Catastrophic - No time or means are available for 
corrective action. 

b. Critical - May be counteracted by emergency action 
performed in a timely manner. 

c. Controlled - Has been counteracted by appropriate 
design, safety devices, alarm/caution and warning 
devices, or special automatic/manual procedures. 

-3- 
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'All residual hazards classified as catastrophic or 
critical shall be reported as a part of the study in a sunnnary 
Hazard Catalog. (See Attachment 4 for format.) 

2.6 Hazard Reduction - The following sequence, or com- 
bination of sequences, will be used to eliminate or control 
identified hazards: 

o Design for Minimum Hazards - During all phases of 
design, primary consideration is given to minimize 
hazards through the selection of appropriate design 
features and qualified components and materials. 
System Safety requirements, standards and margins 
are included in specifications and requirements for 
parts, subsystems and systems. 

o Safety Devices - Hazards which cannot be eliminated 
through design selection shall be reduced to an 
acceptable level through the use of appropriate 
safety devices as a part of the subsystem, s y s t m  
or component. 

o Warning Devices - Where it is not possible to pre- 
clude the existence of a known hazard, devices 
shall be assessed for the timely detection and 
adequate warning of the hazardous condition. Warn- 
ing signals and their application shall be designed 
to minimize the possibility of improper signals or 
improper personnel reaction to the signals. 

o Special Procedures - Where it is not possible to 
reduce the magnitude of an existing or potential 
hazard through design or the use of safety and 
warning devices, the need for special procedures 
shall be assessed to counter and control hazardous 
conditions. 

3.0 SAFETY OUTPUTS 

The safety effort will be an influencing factor in de- 
sign and operations planning throughout the study. Each of 
the Tug options defined in Task 5 of the study will include a 
safety analysis to include identification and evaluation of 
hazards, definition of System Safety Design criteria, defini- 
tion of operations Safety Requirements, and identification of 
Mission Safety Requirements. 

Y 
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Attachment 1 

HAZARD GROUPS 

No. 

1 

- 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Hazard 

Acceleration/Shock 

Configuration 

Contamination 

Corrosion 

Electrical 

Energy sources 

Environment 

Fire/Explosion/Imp~osion 

Marl-machine relations 

Pressure 

Radiation 

Structural 

System Interactions 

Temperature 

Change in velocity, applied force, 
impact 

Component location, system 
deficiencies 

Producing or introducing 
contaminants 

Damage to material surfaces 

Shock, thermal, inadvertent 
activation 

Propellants, batteries, ordnance 
devices 

Natural, induced, pollution 

Chemical reactions, heat genera- 
tion, over/under pressure 

Controls, displays, human error 

High, low, or variation 

Electromagnetic, ionizing 

Degradation, failure 

Compatibility between inter- 
facing systems/GSE 

High, low, or variation 

Adverse human effects 

'C 
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Attachment 3 
HALUhU AN ‘LY5 I 3  

OPERATION/PHASE:  m 

HAZARD GROUP: 
i 

I HAZARD C L A S S  
I 
~ STATL‘S 

NO. I 1 

P O T E N T I A L  EFFECTS: 

ASSUMFTIONS/RATIONALE:  

________ 

REQUIREMENTS: 

-- - 

n I SPOS I T  I ON: 

REFERENCE 

OR I G I Y A TOR / L O C A  T I ON : 
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Attachment 4 (COnt) 
HAZARDS CATALOG : 

PART I I - R E S I D U A L  HAZARDS 

SYSTEM:  
SUBSYSTEM:  
COMPONENT: 

/ 

I T E M  NO. 
HAZARD C L A S S  
O A T €  - 

H A Z A R D  D E S C R I P T I O N :  

RECOMMENDAT I ON : 

D I S P O S I T I O N :  
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SYSTEM SAFETY CHECKLIST 

The a t t a c h e d  c h e c k l i s t  p re sen t s  t h e  composite r e s u l t s  of 

l i s t s  completed i n d i v i d u a l l y  by: 

J. Hurley - Main Engine Support  

J. Hurley - Engines 

J. Hurley - A t t i t u d e  Control Propuls ion  System 

M. Imamura - E1ec:trical Power Subsystem 

A .  Brook - Guidance 62 Navigation 

R. Sheppard - Data Management 

R. Sheppard - Comunica t ions  

J. Parham - S t r u c t u r e s  

M. Murphy - Kick Stage  SRMs 

NOTE: When any subsystem response i n d i c a t e d  des ign  does no t  
comply and/or  d e t a i l  design w i l l  not  comply, on ly  t h o s e  
responses  are shown f o r  emphasis. 
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S Y S T E M  SAFETY CYECKLIST 

DATE: 
8/2/73 
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COMPLETED B Y :  (NAME)  
summary 

- 

€x 
L& 
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I - 
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S U B S Y S T EM : 

Compos it e 

HARDWARE D E S C R I P T I O N :  

STORABLE TUG DATA PACKAGE SAFETY REQUIREMENTS 

8 .  GENERAL 

a. 

b. 

C .  

d. 

e. 

f. 

g *  

No s i n g l e  f a i l u r e  s h a l l  r e s u l t  i n  a hazard which 
jeopard izes  t h e  f l i g h t  o r  ground crews. 

Appropriate s a f e t y  f a c t o r s  a r e  used where necessar:  
t o  minimize the  p o s s i b i l i t y  of f a i l u r e s  which 
might a f f e c t  manned safe ty  ( i . e . ,  s t r u c t u r e s ,  
p ressure  v e s s e l s ,  e t c . ) .  

Manned f a c t o r s  of  sa fe ty  a r e  maintained under 
abor t  load condi t ions .  

The Tug des ign  i s  capable of providing t o  the  
Orb i t e r  such information concerning the  s t a t u s  
o r  ccnd i t ion  of the  Tug a s  i s  necessary t o  in su re  
s a f e t y  of the  Orb i t e r  and crew dur ing  stowage, 
deployment and r e t r i e v a l .  

Provis ion  f o r  command over r ide  o f  c r i t i c a l  Tug 
func t ions  by the  Orbi ter  crew i s  provided dur ing  
stowage, deployment and r e t r i e v a l  opera t ions .  

The subsystem design has se l f -conta ined  p r o t e c t i v e  
devices  o r  provis ions  aga ins t  genera t ing  hazards 
while  mounted t o  t h e  O r b i t e r .  

Provis ions  are provided f o r  emergency manual 
r e l e a s e  of Tug to Orbiter  connections.  

1. Normal Operations 

a. Stowage i n  Orb i t e r  

Destruct  charges a re  not  incorpora ted  i n  t h e  
des ign  . 
A pres su re  r e l i e f  c a p a b i l i t y  i s  provided f o r  
t h e  Tug tanks which au tomat ica l ly  l i m i t s  t h e  
maximum pressure .  
Orb i t e r  i n t e r f a c e .  

Toxic o r  o t h e r  chemically hazardous gases ,  
l i q u i d s  or p a r t i c l e s  a r e  not  vented i n t o  t h e  
Orb i t e r  payload conpartment and a r e  i s o l a t e d  
from t h e  Orb i t e r  ECS S>stem, 

1) 

2) 

Venting i s  through t h e  Tug/ 

3) 
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STORABLE TUG DATA PACKAGE SAFETY REQUIREMENTS 

1. Normal Operat ions  (Continued) 

b. On-Orbit Deployment 

1) No s i n g l e  f a i l u r e  o f  t h i s  subsystem s h a l l  
r e s u l t  i n  unprogrammed motion of the  Tug. 

c .  &-Orbit .- General 

1) Provis ion  i s  provided f o r  c o n t r o l  of a l l  
c r i t i c a l  Tug funct ions,  inc luding  a t t i t u d e  
and t r a n s l a t i o n a l  pos i t i on  con t ro l  by O r b i t e r  
crew dur ing  post-deployment and p r e - r e t r i e v a l  
opera t ions .  

A l l  ven t ing  of t he  Tug whi le  w i th in  the  v i c i n -  
i t y  of t he  Orb i t e r  i s  non-propulsive. 

No s i n g l e  f a i l u r e  of t h i s  subsystem s h a l l  
r e s u l t  i n  unprogrammed motion of t he  Tug, 
while  w i th in  t h e  v i c i n i t y  of the  Orbi te r .  

2) 

3) 

d .  On-Orbit - Ret r i eva l  

1) Provis ions  a r e  provided f o r  Orb i t e r  c o n t r o l  of 
c r i t i c a l  Tug,functions while the  retrieval 
mechanism i s  at tached.  

2) No s i n g l e  f a i l u r e  o f  t h i s  subsystem s h a l l  
r e s u l t  i n  unprogrammed motion of t h e  Tug. 

3) Provis ions f o r  s t a t i c  d i scharge  are provided. 

4) Tug prope l l an t s  and p res su ran t s  a r e  reduced 
t o  a predetermined s a f e  l e v e l  p r i o r  t o  Tug 
ret rieva 1. 

Provis ions are made t o  confirm t h a t  a l l  
Orbiter/Tug i n t e r f a c e s  are secure ly  connected. 

Provis ions a r e  provided f o r  remote emergency 
j e t t i s o n i n g  of Tug deployable equipment a s  
necessary t o  complete r e t r i e v a l  and stowage 
operat ions.  

5 )  

6) 

. . 
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Composite 

HARDWA,RE D E S C R I P T I O N :  

3. Abort 

a .  The subsystem des ign  does not preclude the  S h u t t l e  
from i n t a c t  abor t .  

B. SUBSYSTEblS CRITERIA 

1. S t r u c t u r e s -  

a. Factors  of s a f e t y  f o r  Tug pressure  v e s s e l s ,  tanks 
and genera l  s t r u c t u r e s  a r e  i n  accordance wi th  
MSFC-HDBK-505, "St ruc tura l  S t rength  Design & 
Veri f  ;cation Program Requirements". 

b. Pressure  vessels and tanks a r e  designed t o ,  and 
maintained under, a f r a c t u r e  mechanics c o n t r o l  
program. 

2. Propuls ion 

a. The propuls ion  system is  designed t o  be f a i l - s a f e .  

b. Rel ief  c a p a b i l i t y  to  au tomat ica l ly  l i m i t  maximum 
pressure  i s  provided f o r  pressur ized  p rope l l an t  
tanks. 

Provis ion  i s  provided to  d e t e c t  p o t e n t i a l  tank 
f a i l u r e s .  

Propel lan t  i s o l a t i o n  va lves  are provided upstream 
from a l l  s tar t  va lves .  

Provis ions a r e  made t o  permit emergency o f f -  
loading of Tug p rope l l an t s  while  t he  Tug i s  stowed 
i n  t h e  Orb i t e r  cargo bay on the  launch pad, 

C .  

d.  

e. 

3. Auxi l ia ry  Propuls ion 

a. The APS i s  designed t o  be f a i l - o p e r a t i o n a l / f a i l  

b. The APS i s  capable  o f  being shut  down by one 
command from the  Orbi ter .  

, .  safe . 
* **;. - - .. 
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8/2/73 I Summary 
STORABLE TUG DATA PACKAGE SAFETY REQUIREMENTS 

4. Avionics  

a. RF coinmunication c a p a b i l i t y  i s  a v a i l a b l e  between 
t h e  O r b i t e r  and t h e  Tug and payload f o r  command 
and c o n t r o l  func t ions .  

b. The c r i t i c a l  command and c o n t r o l  c i r c u i t r y  i s  
designed t o  be fail-operational/fail-safe. 

C. The des ign  of t h e  Tug c o n t r o l  system s h a l l  on ly  
a l low supply of e l e c t r i c a l  energy t o  t h e  s t a r t  
valves of the  rocke t  engines  fo l lowing  p o s i t i v e  
a c t i o n  by t h e  O r b i t e r  crew d u r i n g  Tug countdown 
i n  o r b i t .  

d. The des ign  of t h e  Tug c o n t r o l  system s h a l l  on ly  
allow supply of  e l e c t r i c a l  energy t o  t h e  s e p a r a t i o l  
mechanism fo l lowing  p c s i t i v e  a c t i o n  by t h e  O r b i t e r  
crew dur ing  Tug countdown i n  o r b i t .  

5. Ordnance 

a. Sa fe ty  des ign  f e a t u r e s  such as  i n t e r l o c k s ,  
redundancy grounding and i s o l a t i o n  dev ices  are 
incorpora ted  so t h a t  no s i n g l e  d e t e c t i b l e  f a i l u r e  
o r  combination of u n d e t e c t i b l e  f a i l u r e s  r e s u l t  i n  
premature d e t o n a t i o n  of explosive devices .  

b. Unused exp los ive  devices  aboard t h e  Tug w i l l  be 
sa fed  on command the  s a f i n g  v e r i f i c a t i o n  s e n t  t o  
t h e  O r b i t e r  p r i o r  t o  retrieval. 

Power s u p p l i e s  s h a l l  be p ro tec t ed  from s h o r t  c i r c u i t  o f  
ordnance f i r i n g  c i r c u i t s  a f t e r  f i r i n g .  

Ordnance i n i t i a t o r s  s h a l l  be p ro tec t ed  from induced 
v o l t a g e s  . 
Shie ld ing  i s  provided t o  p r o t e c t  ordnance i n i t i a t o r  and 
i i r i n g  c i r c u i t  from s t r a y  vol tage .  

X 

X 
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X 

X 
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2. 
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7. 
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9 ,  

10. 

,11, 

3.2, 
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I 

Hypergolic f u e l s  shallnut be separated by only a 
s i n g l e  weld, 

Proof t es t  requirements far a l l  components &all 
be compatible w i t h  manned requirements, 

A l l  l i n e s ,  f l e x i b l e  hoses, f i t r i n g s ,  tanks and 
p res su re  ves se l s / r e se rvo i r s  s h a l l  have s a f e t y  
f a c t o r s  c o n s i s t e n t  with maimed requiremexxts, 

P res su re  vessels are capable a€ iaetaaf 
i n spec t ion  for contaminatian, corcosim, defects, 
etc, 

A l l  l i q u i d  vessels shaU have  a d r a i n  valve 
located such that a l l  liquid may be drained fmaL 
t h e  vessel du r ing  grrxlnd (horizontal o r  vertical) 
opera t ions ,  

Materials w i t h  a high susceptih5lity tn stress 
cor ros ion  w i l l  not be used, 

Mate r i a l s  w i t h  a low f sacw tcmghess w € I S  m a t  
be used, 

Material s e l e c t i o n  w i l l  precltfffe g a l e  
corrosion , 

Design w i l l  not Overhx? stracazre aham the s m s  
cor ros ion  limits, 

Design w i l l  preclude exposure of t f tan5um tn 
l i q u i d  oxygen (o r  Low temperatare gaseaus oxygen); 
f u e l  c e l l  boil-off, 
Design w i l l  p revent  hydrogen eiubrittkmnt of 
titanium. 

The upper s t age  veh ic l e  shall be supported in t ixe 
O r b i t e r  so t h a t  f a i l u r e  of any one s t r u c t u r a l  
support  member w i l l  not jeopard ize  support  of the 
upper s t age  v e h i c l e  dur ing  return t o  earth, 

- 

. 
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Summary 

13. a. Tanks s h a l l  be designed so t h a t  f a i l u r e  due t o  

b. Pressu r i zed  tanks  s h a l l  be loca t ed  o r  p r o t e c t e  
w e r p r e s s u r e  w i l l  n o t  produce sh rapen l .  OR 

by sh rapne l  proof b a r r i e r s  so  t h a t  exp los ion  
o f  one w i l l  not propagate.  

- . 
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Composite 

HARDWARE D E S C R I P T I O N :  

B. FUEL/PROPELLANT SYSTEMS 

Separa t e  incompatible  f l u i d  systems t o  prevent  inad-  
v e r t e n t  mixing. 

Design a d j a c e n t  incompatible systems so t h a t  i t  i s  
impossible  t o  in t e rconnec t  them. 

S e l e c t  f l u i d  l i n e  i n s u l a t i o n  t h a t  cannot  r e a c t  
chemical ly  wi th  the  system f l u i d .  

S e l e c t  non-absorbent f l u i d  l i n e  i n s u l a t i o n .  

Use s l eeves  o r  b a r r i e r s  t o  i s o l a t e  exposed f l u i d  l i n e s  

Hypergolic f u e l s  s h a l l  no t  be sepa ra t ed  by o n l y  a 
s i n g l e  w e  Id  . 
F i l l  p o r t  back flow i s  prevented by des ign .  

P r o p e l l a n t  valves a r e  p ro tec t ed  from damage by Thrus t  
Chamber h e a t  soak. 

N 0 i s  i n h i b i t e d  wi th  NO t o  p reven t  c o r r o s i o n  of 
t 1 t anium. 

Limit  f u e l  and p r o p e l l a n t  p re s su re  r i s e  t o  10% over 
normal p re s su re .  

Provide t h a t  t a n k  p res su re  w i l l  be  r e l i e v e d  be fo re  
s t r u c t u r a l  l i m i t s  a r e  exceeded. 

Provide overpressure  r e l i e f  where f l u i d  l i n e s  or  
components m y  be exposed to  f i r e .  

2 4  

.? . . :- *, Provide underpressure  r e l i e f  d u r i n g  d e f u e l i n g  o p e r a t -  
i ons  or du r ing  r e e n t r y .  

~ * . . .  
Trans fe r  l i n e s  f o r  p r o p e l l a n t s  s h a l l  be loca t ed  o u t s i d  
of  t anks  or s h a l l  be double wal led w i t h  t h e  c a p a b i l i t y  
of v e n t i n g  t h e  space between t h e  two c o n t a i n e r s  t o  
space . 

:* 
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Propel lan t  shut -of f  va lves  upstream from a l l  s t a r t  
va lves  s h a l l  be provided s o  t h a t  inadver ten t  main valve 
opening would not  s t a r t  engines on upper s t a g e  
v e h i c l e s  while  i n  o r  near  the Orb i t e r .  

Liquid l i n e  i n s u l a t i o n  s h a l l  be made of nonabsorbent 
ma te r i a l s .  

A l l  l i n e s ,  f l e x i b l e  hoses ,  f i t t i n g s  and p res su re  
v e s s e l s / r e s e r v o i r s  s h a l l  have a minimum des ign  bu r s t  
p ressure  c o n s i s t e n t  wi th  manned s a f e t y  requirements.  

System connectors  s h a l l  be keyed o r  s i zed  so t h a t  i t  
i s  phys ica l ly  impossible t o  connect an incompatible 
commodity o r  pressure  level. 

Pressure  v e s s e l s  a r e  capable of i n t e r n a l  i n spec t ion  
f o r  contamination, corrosion,  d e f e c t s ,  etc. 

I n i t i a l  opening of a l l  pressure v e s s e l  primary r e l i e f  
devices  s h a l l  be no higher  than 110% of  t h e  maximum 
des ign  ope ra t ing  pressure  of t he  vessel. 

A l l  p ressure  v e s s e l s  and r e se rvo i r s  s h a l l  have an  
i s o l a t i o n  shu to f f  va lve  located a s  the  f i r s t  component 
down stream of t h e  v e s s e l  and a s  cLose.'.as p o s s i b l e  t o  
the  vessel. 

A l l  p ressure  v e s s e l s  s h a l l  have a va lve  t o  v e n t  o r  
bleed t h e  pressure .  

A l l  l i q u i d  v e s s e l s  s h a l l  have a d r a i n  va lve  loca ted  
such t h a t  a l l  l i q u i d  may be drained from t h e  vessel 
dur ing  ground (ho r i zon ta l  or ve r t i ca l )  ope ra t ions .  

A pressure  r e l i e f  device s h a l l  be loca ted  downstream 
of any pressure  r e g u l a t i n g  device where source p r e s s -  
ure  can exceed the  proof pressure of t h e  downstream 
sy I t em. 

The i n i t i a l  opening of  system r e l i e f  valves s h a l l  be 
no ' h ighe r  than 110% of t h e  upstream r e g u l a t o r  s e t t i n g .  
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Space Tug Systems Study 
c 

A l l  ven.ting of t h e  Tug while near  t h e  O r b i t e r  s h a l l  
be non-propulsive o r  s h a l l  t r a n s l a t e  t he  v e h i c l e  away 
from t h e  Orbi te r .  

Manually operated valves  s h a l l  not be used t o  by-pass 
pressure  r egu la to r  o r  flow con t ro l  devices .  

Shutoff va lves  s h a l l  not be used f o r  i s o l a t i n g  r e l i e f  
va lves  . 
Check va lves  s h a l l  be located i n  p ressure  systems t o  
minimize downstream pressure loss r e s u l t i n g  from loss 
of  source pressure.  

Check va lves  s h a l l  b e  used  t o  i s o l a t e  p a r a l l e l  supply 
systems which can be used t o  s e r v i c e  a common down- 
stream system. 

Check va lves  s h a l l  be used t o  i s o l a t e  p a r a l l e l  ven t  
l i n e s  each of which v e n t s  i n to  a common manifold. 

An i s o l a t i o n  shutof f  va lve  s h a l l  be i n s t a l l e d  i n  each 
system suppl ied from a common l i q u i d  o r  gas p re s su re  
source . 
Flow r e s t r i c t o r s ,  o r i f i c e s  and s i m i l a r  flow l i m i t i n g  
devices  s h a l l  be i n s t a l l e d  immediately downstream of  
a l l  components which could f a i l  i n  a manner t h a t  
would exceed the  r e l i e f l v e n t  capac i ty  of any space- 
c r a f t  compartment. 

Bal l  va lves  wi th  nylon sea t s  s h a l l  no t  be used in 
systems ope ra t ing  above 1000 p s i .  

F i l t e r  housings t h a t  a r e  required t o  be removed from 
the  system f o r  element replacement s h a l l  not  be used. 

f 
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HARDWARE D E S C R I P T I O N :  

V i s u a l  moni tor ing  c a p a b i l i t y  s h a l l  be provided f o r  
each  level of system pressure .  

Freeze  p r o t e c t i o n  provided for a l l  overboard dump 
l i n e s ,  e . g . ,  f u e l  c e l l  water  dump. 

Gaseous c o n t e n t  of p re s su r i zed  t anks  s h a l l  be sma l l  
enough so t h a t  r a p i d  i s e n t r o p i c  expansion i n t o  t h e  
O r b i t e r  cargo  bay w i l l  n o t  r e s u l t  i n  ove rp res su re  

6 B  
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C. LIQUIDS AND GASES 

Systems s h a l l  be designed so t h a t  i t  i s  p h y s i c a l l y  
imposs ib le  t o  i n s t a l l  components i n  a reverse p o s i t i o n  
from which they  were intended t o  f u n c t i o n  w i t h i n  t h e  
system. 

Systems s h a l l  be designed t o  minimize t h e  e f f e c t s  of  
shock waves o r  p re s su re  surges  genera ted  by sudden change 
i n  flow. 

Proof t e s t  requi rements  f o r  a l l  components s h a l l  be  a 
minimum of  1.5 times the  maximum p r e s s u r e  a t  which they  
w i l l  be  r equ i r ed  t o  o p e r a t e  w i t h i n  t h e  system. 

Components con ta in ing  mercury s h a l l  no t  be used. 

The maximum system o p e r a t i n g  p res su re  d e l i v e r e d  by each 
r e g u l a t o r  s h a l l  not  b e . g r e a t e r  t han  85% of t h e  maximum 
p r e s s u r e  r e g u l a t i n g  c a p a b i l i t y  of t h e  r e g u l a t o r .  

A l l  p i p i n g  and components s h a l l  be grounded t o  reduce 
s t a t i c  e l e c t r i c i t y  p o t e n t i a l .  

E l e c t r i c a l / e l e c t r o n i c  components such a s  motors ,  s e n s o r s  
o r  swi tches  used i n  l i q u i d  o r  gas  systems s h a l l  be 
i n s t a l l e d  w i t h  t h e  component housing e x t e r n a l  t o  t h e  
vessel o r  p i p i n g  con ta in ing  the l i q u i d  o r  gas.  

So lde r  j o i n t s  s h a l l  not be used f o r  c o o l a n t  system 
i n s t a l l a t  ion.  

Pumps s h a l l  be p ro tec t ed  a g a i n s t  damage by use  of 
p r o t e c t i v e  dev ices  such as thermal ove r loads ,  by-pass  
r e l i e f  dev ices ,  v i b r a t i o n  s e n s i t i v e  c u t o u t  swi t ches ,  
pump , s u c t i o n  p r e s s u r e  i n t e r l o c k s  and overspeed c o n t r o l s .  

i 
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Space Tug Systems Study - 

P r e s s u r e  Gel ie f  v a l v e s  s h a l l  be s i z e d  t o  exceed t h e  
maximum flow c a p a c i t y  of  t h e  upstream p r e s s u r e  r e g u l a t i n g  
device.  

Backup o r  redundant p o s i t i v e  r e l i e f  c a p a b i l i t y  s h a l l  be 
provided wherever a primary r e l i e f  device mal func t ion  
could  a l low system proof pressure  levels t o  be exceeded. 

I n i t i a l  opening of backup o r  redundant r e l i e f  dev ices  
exc luding  cab in  r e l i e f  v a l v e s  s h a l l  be no h ighe r  t han  
125% of  t h e  upstream r e g u l a t o r  s e t t i n g .  

Backup o r  redundant r e l i e f  devices  s h a l l  be loca t ed  i n  
t h e  system so  a s  not  t o  render  t h e  primary r e l i e f  
dev ice  i n e f f e c t i v e .  

A r e l i e f  device  s h a l l  be loca ted  between any r e s t r i c t o r  
o r i f i c e  i n s t a l l a t i o n  and an  upstream p r e s s u r e  r e g u l a t i n g  
device .  

Flow orifices s h a l l  no t  be loca ted  i n  system v e n t  o r  
r e l i e f  l i n e s .  

A l l  r e l i e f  p o r t s  and v e n t  l i n e s  s h a l l  be loca t ed  so t h a t  
e scap ing  gases  w i l l  no t  be hazardous t o  personnel  and/or  
equipment du r ing  f l i g h t  o r  grqund ope ra t ions .  

A l l  system v e n t  and r e l i e f  valves s h a l l  be designed t o  
f a i l  open. 

Vent o r  b l eed  valves s h a l l  be  loca t ed  i n  t h e  system 
wherever l i q u i d s  o r  p r e s s u r e  could be t rapped  between 
components. 

- . 
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Space Tug Systems Study - 
I COMPLETED B Y :  (NAME)  

8/2/73 I Summary 

D. ELECTRICAL/ELECTRONIC 

The s p a c e c r a f t  s t r u c t u r e  s h a l l  n o t  be used f o r  t h e  r e t u r n  
of  c u r r e n t  t o  t h e  power source. 

DC r e t u r n s  s h a l l  not be disconnected o r  i s o l a t e d  from t h e  
s i n g l e  p o i n t  ground connect ion t o  t h e  s p a c e c r a f t  s t r u c t u r  
d u r i n g  any power system mode of ope ra t ion .  

Module mating s u r f a c e s  s h a l l  be e l e c t r i c a l l y  bonded so 
t h a t  a f a u l t  c u r r e n t  may be s a f e l y  re turned  from any 
p o i n t  i n  t h e  module thmugh  t h e  s t r u c t u r e  t o  t h e  v e h i c l e  
s i n g l e  p o i n t  ground. 

\ 

Redundant power d i s t r i b u t o r  buses s h a l l  no t  be routed  
through t h e  same connector .  

The e l e c t r i c a l  power system s h a l l  i nc lude  t h e  c a p a b i l i t y  
t o  i s o l a t e  a l l  l oads  from t h e  power source  t o  permi t  load 
s e l e c t i o n  dur ing  emergency condi t ions .  

Equipment s h a l l  no t  be damaged by momentary power 
i n t e r r u p t i o n s .  

C i r c u i t s  having c a p a c i t o r s  s h a l l  d i scha rge  t o  less than  
1 v o l t  w i t h i n  2 seconds a f t e r  power removal. 

Design w i l l  p revent  "make before  break" o r  "break be fo re  
make" r e l a y  races. 

A l l  e x t e r n a l  p a r t s  o f  RF equipment, exc luding  t h e  d r i v e n  
elements  of  t h e  antenna and t ransmiss ion  l i n e s ,  s h a l l  be 
a t  ground p o t e n t i a l  a t  a l l  times. 

RF equipment s h a l l  be sh ie lded  t o  prevent  personnel  
exposure t o  Rl? l e v e l s  g r e a t e r  t han  10 mw/cm2 excep t  in 
f r o n t  of t h e  antenna. 

Components c o n t a i n i n g  mercury s h a l l  n o t  be used. 

. . 
** 
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S U B S Y S T E M :  

C omp os i t e  

HARDWARE D E S C R I P T I O N :  

s ' 
Conformal c o a t i n g s  which p l a c e  stress on g l a s s  d i o d e s  
s h a l l  no t  be used. 

Polyure thane  conformal c o a t i n g s  c o n t a i n i n g  s o l v e n t s  which 
d i s s o l v e  po lys ty rene  s h a l l  no t  be used on c i r c u i t  boards 
c o n t a i n i n g  po lys ty rene  components, 

Components used i n  a r e a s  w i t h  flammable f l u i d s  s h a l l  be 
incapab le  of caus ing  i g n i t i o n .  

Gaskets ,  seals and s i m i l a r  components c o n t a i n i n g  su lphur  
s h a l l  n o t  be used w i t h i n  or i n  c o n t a c t  w i t h  e l e c t r i c a l  
components c o n t a i n i n g  copper ,  z i n c ,  n i c k e l  o r  solver. 

A l l  connectors ,  c i r c u i t  boards,  t e r m i n a l  boards ,  swi t ches  
o r  r e l a y s  and s i m i l a r  components s h a l l  be  p o t t e d ,  s ea l ed  
o r  s i m i l a r l y  p r o t e c t e d  a g a i n s t  s h o r t i n g  by mater ia ls  
f l o a t i n g  i n  a z e r o  G environment. 

A l l  connec to r s ,  c i r c u i t  boards,  t e r m i n a l  boards ,  swi t ches  
r e l a y s  and s i m i l a r  components s h a l l  be p o t t e d ,  s e a l e d  o r  
s i m i l a r l y  p r o t e c t e d  a g a i n s t  t he  e f f e c t s  of  l i q u i d  leakage  
or condensat ion.  

Equipment s h a l l  r e v e r t  t o  a s a f e  c o n f i g u r a t i o n  when a n  
i n p u t  power loss occurs .  

Power and s i g n a l  ( i nc lud ing  command) w i r i n g  s h a l l  no t  be  
r o u t e d  through t h e  same c a b l e ,  c a b l e  bundle ,  o r  w i r i n g  
ha rness  t o  minimize v o l t a g e  induced i n t o  a d j a c e n t  
c i r c u i t s  , 

S h i e l d s  used t o  p r o t e c t  a g a i n s t  induced v o l t a g e  f o r  
f r equenc ie s  up t o  50 KHz s h a l l  be grounded a t  o n l y  one e n  

S h i e l d s  used t o  p r o t e c t  a g a i n s t  induced v o l t a g e  f o r  
f r equenc ie s  above 50 KHz s h a l l  be grounded a t  bo th  ends.  

I . 
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Space Tug Systems Study 

P o l y v i n y l . c h l o r i d e  s h a l l  no t  be  used a s  wire i n s u l a t i o n .  

E lec t r ica l  w i r e  o r  c a b l e  i n s u l a t e d  o r  coated w i t h  poly-  
t e t r a f l o u r o e t h y l e n e  (TFE) o r  f l o u r i n a t e d e t h y l e n e  
propylene (FEP) s h a l l  be etched p r i o r  t o  p o t t i n g  t o  assurc  
p o s i t i v e  bond and environmental  s e a l .  

When e t c h i n g  of i n s u l a t i o n  i s  r equ i r ed ,  t h e  d e s i g n  s h a l l  
s p e c i f y  t h a t  t h e  open end of the w i r e  w i l l  n o t  be exposed 
t o  t h e  e t chan t .  

Organic pigments w i l l  no t  be used i n  t e f l o n  i n s u l a t i o n .  

A l l  mating p lugs  and r e c e p t a c l e s  s h a l l  be marked o r  coded 
t o  c l e a r l y  i n d i c a t e  t h e  c o r r e c t  mating connect ion.  

A l l  ad j acen t  connec tors  s h a l l  be shaped,  s i z e d  o r  keyed 
so t h a t  i t  i s  p h y s i c a l l y  impossible  t o  mismate or cross- 
connect.  

Connectors w i t h  unkeyed symmetrical p i n  arrangements  
s h a l l  not  be used. 

Only female connec tors  s h a l l  be used t o  t e rmina te  sou rce  
o f  power. 

N o  flammable p o t t i n g  w i l l  be  used i n  e l ec t r i ca l  Connector: 

Power c i r c u i t s  and s i g n a l  c i r c u i t s  s h a l l  n o t  be routed  
through t h e  same connector  t o  minimize t h e  i n t r o d u c t i o n  
of v o l t a g e  t r a n s i e n t s  i n t o  the  s i g n a l  wi r ing .  

A l l  b a t t e r y  v e n t s  and r e l i e f  devices  s h a l l  be designed t o  
prevent  t h e  e j e c t i o n  o r  e l e c t r o l y t e  from t h e  b a t t e r y .  

A l l  b a t t e r y  v e n t s  and r e l i e f  devices s h a l l  be loca t ed  so 
t h a t  e scap ing  gas  s h a l l  not  damage a d j a c e n t  equipment. 

. 

I 
.>- 
)-I 
IC 
IZ 
0 

JU 

;-I 
-1 
J -  
> 3  - 
x 

x. 

X 

X 

X 

X 

X 

X 

X 

X 

-/ 3 



SYSTEM SAFETY C 9 E C K L I S T  

DATE: 
8/2/73 

Y 
W 
m 
ZE 
2 z 
r 
w 
t- - - 

L43 

144 

145 

146 

147 

148 

14 9 

150 

151 

152 

C O M P L E T E D  B Y :  (NAME) 
Summary 
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C ompos i t e  

H A R D W A R E  D E S C R I P T I O N :  

B a t t e r i e s  are thermal ly  i s o l a t e d  from one another .  

A l l  b a t t e r y  cases  s h a l l  be designed KO c o n t a i n  a l l  
e l e c t r o l y t e  du r ing  a l l  over  p re s su re  c o n d i t i o n s  such as  
those  which could be caused by over load  o r  i n t e r n a l  
s h o r t s .  

I n s t a l l e d  b a t t e r i e s  ( s i n g l e  or m u l t i p l e  c e l l e d )  s h a l l  be 
enclosed w i t h i n  a c o n t a i n e r  which w i l l  p revent  e l e c t r o -  
l y t e  leakage t o  t h e  surrounding a r e a  i n  case of  damage t o  
t h e  b a t t e r y  case. 

S e l f - t e s t  c i r c u i t s  s h a l l  i n d i c a t e  t h e  a c t u a l  system 
response ,  r a t h e r  t han  i n d i c a t e  only  t h e  i n i t i a t i o n  of a 
command o r  rest  s i g n a l .  

A l l  c i r c u i t  b reake r s  o r  switches used t o  c o n t r o l  equip-  
ment o r  c i r c u i t r y  intended f o r  emergency purposes  s h a l l  
have p o s i t i v e  p r o t e c t i o n  aga ins t  i n a d v e r t e n t  ope ra t ion .  

Design w i l l  p revent  h igh  r e s i s t a n c e  c o a t i n g  of c o n t a c t s  
from ou tgass ing  products  o f  po t ted  compound a t  e l e v a t e d  
tempera tures  o r  low p res su res .  

A l l  c i r c u i t  b reake r s  o r  switches used t o  c o n t r o l  t h e  
arming of  pyro technic  dev ices  s h a l l  have p o s i t i v e  pro-  
t e c t i o n  a g a i n s t  i n a d v e r t e n t  opera t ion .  

Redundant c o n t r o l  c i r c u i t  components s h a l l  be independent 
o f  t hose  components used i n  the primary c o n t r o l  c i r c u i t .  

Primary and redundant c o n t r o l  c i r c u i t  w i r i n g  s h a l l  no t  be 
rou ted  through t h e  same cab le  o r  connector .  

Primary 2nd redundant c o n t r o l  c i r c u i t s  s h a l l  i n c l u d e  a n  
i n - f l i g h t  checkout c a p a b i l i t y  which w i l l  v e r i f y  t h e  
independent o p e r a t i o n  of  each c i r c u i t .  
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Compos i te 

HARDWARE D E S C R I P T I O N : -  

Primary and redundant  system c i r c u i t s  s h a l l  no t  be 
supp l i ed  from t h e  same power bus o r  c i r c u i t  b reaker .  

A l l  c i r c u i t s  ( i nc lud ing  l a t c h i n g  r e l a y  c i r c u i t s )  s h a l l  be 
p r o t e c t e d  a g a i n s t  i n a d v e r t e n t  o p e r a t i o n  due t o  v o l t a g e  
t r a n s i e n t s .  

A l l  system i n d i c a t o r s  used t o  monitor  system s t a t u s  s h a l l  
i n d i c a t e  t h e  a c t u a l  system response r a t h e r  than  i n d i c a t e  
on ly  t h e  i n i t i a t i o n  of a comand o r  a p p l i c a t i o n  of power. 

Loss of c o n t r o l  c i r c u i t  power s h a l l  n o t  r e s u l t  i n  t h e  10s 
of i n d i c a t i o n  power f o r  t h a t  c i r c u i t .  

Tantalum w e t  s l u g  c a p a c i t o r s  s h a l l  n o t  be used i n  t iming  
c i r c u i t s ,  c i r c u i t s  des igned  t o  s t a b i l i z e  f requency or  
c i r c u i t s  s u b j e c t  t o  p o l a r i t y  r e v e r s a l .  

Metal  f i l m  r e s i s t o r s  s h a l l  not  be used where t o l e r a n c e s  
o f  5% or less a re  r equ i r ed .  

P o i n t - c o n t a c t ,  grown-junct ion o r  a l l o y - j u n c t i o n  semi- 
conductors  s h a l l  no t  be used. 

Design w i l l  p r even t  powering up sys tem w i t h  l a t c h i n g  
r e l a y s  i n  unknown p o s i t i o n s .  

Design w i l l  p revent  contaminat ion of  magnetic l a t c h e s  on 
magnetic l a t c h  r e l a y s .  

Terminal  l u g s  and i n s u l a t e d  washers used wi th  stud-mountel 
d i o d e s  s h a l l  have s u f f i c i e n t  matching s u r f a c e  area t o  
ensu re  t h a t  t h e  t e rmina l  l u g  w i l l  remain i n s u l a t e d  from 
t h e  mounting s t r u c t u r e .  

A l l  power and s i g n a l  r e t u r n s  s h a l l  be  i s o l a t e d  from t h e  
c h a s s i s  and s h a l l  be routed  through connec to r s  or 
terminals t o  t h e  v e h i c l e  s i n g l e  p o i n t  ground. 
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R e s i s t o r s  s u b j e c t  t o  s i g n i f i c a n t  r e s i s t a n c e  changes (5% 
or g r e a t e r )  when subjec ted  t o  e l e c t r o s t a t i c  f i e l d s  w i l l  
no t  be used. 

A l l  c i r c u i t  b r e a k e r s  l oca t ed  i n  or used w i t h  equipment 
c o n t a i n i n g  flammable vapors  o r  l i q u i d s  s h a l l  be exp los ion  
proof .  

C i r c u i t  b reake r s  s h a l l  provide a v i s u a l  i n d i c a t i o n  when 
t r ipped .  

C i r c u i t  b reake r s  s h a l l  t r i p  and p r o t e c t  t h e  c i r c u i t  even 
i f  t h e  swi tch  lever i s  phys ica l ly  he ld  i n  t h e  "ON" 
p o s i t  ion.  

Overload p r o t e c t i o n  dev ices  s h a l l  be i n s t a l l e d  i n  each  
ungrounded conductor  i n  t h r e e  (3) phase power systems and 
s h a l l  be designed so t h a t  a l l  t h r e e  (3) dev ices  t r i p  
s imul taneous ly .  

A l l  c i r c u i t  b reake r s  s h a l l  be s i z e d  (or  se t )  t o  p r o t e c t  
t h e  smallest w i r e  w i t h i n  a c i r c u i t ,  i n c l u d i n g  a l l  branche 
which do n o t  have independent c i r c u i t  p r o t e c t i o n .  

Overload p r o t e c t i o n  devices  s h a l l  be s i z e d  (or s e t )  so 
t h a t  t h e  combination of cu r ren t  and t i m e  a t  which t h e  
dev ice  o p e r a t e s  w i l l  no t  cause t h e  o p e r a t i o n  o f  upstream 
p r o t e c t i v e  devices .  

, 

7 b  . .  



. 

D A T E :  
8/2/73 

S Y S T E M  S A F E T Y  C H E C K L I S T  

C O M P L E T E D  B Y :  ( N A M E )  
Summary 

- 

E 
W 
m r. 
3 z 
r 
I- 
w 
- - 

71 

72 

73 

74 

75 

76 

77 

78 

7 9  

- 

S U B S Y S T E M :  

C omp os i t e 

H A R D W A R E  D E S C R I P T I O N :  

E. SOLID ROCKET MOTORS 

The p r o p e l l a n t  s h a l l  have a demonstrated a u t o  i g n i t i o n  
tempera ture  a t  l e a s t  100°F h igher  than  t h e  maximum Orb i t e  
bay temperature  (Orb i t e r  bay maximum temperature=200°F). 

The p r o p e l l a n t  s h a l l  have a demonstrated i n s e n s i t i v i t y  t o  
t h e  shock levels experienced i n  t h e  ca rgo  bay of  t h e  
O r b i t e r .  

The p r o p e l l a n t  s h a l l  have a demonstrated s t a b i l i t y  t o  
ground t r a n s p o r t a t i o n ,  ground handl ing ,  i n s t a l l a t i o n  and 
checkout wi thout  a c c i d e n t a l  i g n i t i o n .  

SRM i g n i t o r s  s h a l l  be non-fragmenting. 

SRM i g n i t o r s  s h a l l  be shock i n s e n s i t i v e  t o  O r b i t e r  bay 
shock levels. 

SRM i g n i t o r s  s h a l l  have- au to  i g n i t i o n  tempera tures  a t  
l eas t  lOOOF h ighe r  t h a n  t h e  maximum O r b i t e r  bay temp- 
e ra tu re . (200°F  maximum O r b i t e r  bay tempera ture) .  

SRM i g n i t o r - i g n i t i o n  c i r c u i t s  o r  dev ices  s h a l l  be 
p r o t e c t e d  from induced vo l t ages  and s h a l l  be p ro tec t ed  
a g a i n s t  a s i n g l e  f a i l u r e  causing premature i g n i t i o n ;  
example, sa fe /a rm device .  

SRM i g n i t o r s  s h a l l  be seasoned d e s i g n s  w i t h  proven 
performance and s a f e t y ,  p re fe rab ly  i n  manned systems. 

SRM p r o p e l l a n t s  s h a l l  be seasoned des igns  w i t h  proven 
performance and s a f e t y ,  p re fe rab ly  i n  manned systems. 
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Summary 

80 

81 

82 

83 

84 

85 

86 

87 

SUB SY S T E M  : 
Composite 

HARDWARE D E S C R I P T I O N :  

F. CAUTION AND WARNING (C&W) 

A l l  C&W sensors  s h a l l  f a i l  i n  such a manner t h a t  a s i g n a l  
input  w i l l  be i n i t i a t e d  t o  the  Data Management System, 
r e s u l t i n g  i n  a n  alarm. 

A l l  sensors  f o r  a l l  parameters monitored f o r  C&W s h a l l  be 
independently powered t o  prevent loss of hazard i n d i c a t  - 
i o n  due t o  power f a i l u r e  cf a monitored system. 

Out-of- l imit  condi t ions  i n  the  C&W primary power 
c i r c u i t r y  s h a l l  i n i t i a t e  an alarm. 

A l l  sensors  used f o r  inputs  t o  systems o t h e r  than  C&W, 
which a r e  a l s o  used f o r  C&W, s h a l l  be i s o l a t e d  such t h a t  
a f a i l u r e  i n  the  o t h e r  system w i l l  no t  a f f e c t  t h e  C&W. 

Use explcs ive  vapor d e t e c t o r s  wherever explos ive  vapors  
can c o l l e c t .  

Design t h e  explos ive  vapor de t ec t ion  system t o  t r i g g e r  an  
alarm a t  20% of  t h e  lower explosive level. 

Design hazard warning systems so they can be reset t o  
i n d i c a t e  a hazard reoccurrence.  

Provide f i r e  d e t e c t i o n  systems f o r  a l l  p o t e n t i a l  f i r e  
zones. 

‘b 

- . 

-c 

76 . .  



CY 
w 
m r 
3 z 
x 
w 
I- - - 

88 

89 

90 

91 

92 

93 

94 

95 

- 

.96 

97 

.98 
: .  
59 

- 
77 

S Y S T E M  S A F E T Y  CHECKLIST 

S U B S Y S T E M :  

Compos i t e  

HARDWA,RE D E S C R I P T I O N :  

Space Tug Systems Study 

D A T E :  I COMPLETED B Y :  ( N A M E )  
8/2/73 Summary I 

G. CRYOGENIC SYSTEMS 

Cryogenic systems and l i n e s  s h a l l  be  l o c a t e d  and /o r  
i n s u l a t e d  adequa te ly  t o  prevent  f r e e z i n g  of  f l u i d  l i n e s  
i n  o t h e r  systems. 

Hydrogen and oxygen b o i l - o f f  s h a l l  be c o n t r o l l e d  t o  
prevent  i n t e rmix ing  of t h e  b o i l - o f f  gases .  

A l l  m a t e r i a l s  i n  t h e  sys tem a r e  LO2 and LH2 compatible .  

Fue l  c e l l  water dump l i n e s  a r e  p r o t e c t e d  a g a i n s t  f r e e z i n g  

Fuel  c e l l  wa te r  dump l i n e s  a r e  p r o t e c t e d  a g a i n s t  f r e e z i n g  
a f t e r  a s i n g l e  f a i l u r e  i n  t h e  f r e e z e  p r o t e c t i o n  system. 

System des ign  w i l l  p revent  cryogenic  f l u i d  from b e i n g  
t rapped  wi thout  a means of adequate p r e s s u r e  re l ief .  

System d e s i g n  w i l l  p r even t  cryogenic  f l u i d  from be ing  
t rapped  a f t e r  a s i n g l e  f a i l u r e  i n  t h e  p r e s s u r e  r e l i e f  
s y s  tem. '  

System d e s i g n  w i l l  p revent  cryogenic  b o i l - o f f  from 
accumulat ing i n  t h e  O r b i t e r  cargo bay. 

System d e s i g n  w i l l  r o u t e  v e n t  l i n e s  f o r  c ryogen ic  b o i l -  
o f f  over  board and prevent  accumulat ion o f  b o i l - o f f  
gases  i n  t h e  O r b i t e r  cargo  bay. 

LO2 and LH2 (or  GO2 and GH2) d i sconnec t s  s h a l l  be designel 
t o  p reven t  a c c i d e n t a l  misma t ing .  

System d e s i g n  w i l l  p revent  s t a t i c  cha rge  bui ld-up  due t o  

. . I-, . 

Syscem d e s i g n  w i l l  p revent  a i r  i n t r u s i o n  i n t o  purged 
hydrogen system. 
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OPERATIONAL SAFETY CHECKLIST 

This a t tached  c h e c k l i s t  p resents  the  composite r e s u l t s  of 

l i s t s  completed ind iv idua l ly  by: 

J. Kimpton - Opela t ions  & Maintenance 

A .  Brook - Avionics 

J. Hurley - Propulsion 
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COMPLETED BY: 
Summary 

OPERATIONS: GROUND FLIGHT 

The pressures on each s i d e  of a hatch  shall be v e r i f i e d  
before  opening t h e  hatch. 

Any Tug l i f t i n g  o r  h o i s t i n g  operat ions which could 
r e s u l t  i n  a c a t a s t r o p h i c  condi t ion (e-g,, p rope l l an t s  
loaded) if  the  l i f t h i s t  mechanism fails, w i l t  he 
s i n g l e  malfunct ion proof, 

Transpor ta t ion  and h o i s t i n g  load limits, static and 
dynamic, shall be  less than flight load limits in a l l  
cases. 

Continuous p r o p e l l a n t  dump pruvisions are prrrpided from 
prope l l an t  load t o  l i f t o f f .  

Continuous environmental  con t ro l  of the Tug is provided 
a f t e r  p r o p e l l a n t s / p r e s s u r a t s  are loaded untU ‘hg/ 
O r b i t e r  bay i n s t a l l a t i o n  i s  complete, 

Propellant/pressurizaatian tank parameters are m i t a r e d  
cont inuously from tixce of loading tfnougb liftnff by GSE 
sources. 

Propellant tank venting w i l l  be cantrolled t o  preveat 
t o x i c  vapors  i n  the  a m s p h e r e .  

Purge provis ions  a r e  provided by GSE sources t o  
n e u t r a l i z e  p rope l l an t  leaks a f t e r  p r o p e l l a n t  loading and 
after S h u t t l e  landing. 

Emergency v e n t i l a t i o n  provis ions are available under 
p o s i t i v e  p re s su res  for a l l  ground opera t ions  subsequent 
to prope l l an t  loading. 

I 
- . 
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FLiGHT 

The p~;&ssures= temperatures or other parameters which 
id-e the s a t u s  of hazardous f l u i d s  or materials 
&&be verified before they a r e  transported, 

Mutrd3.y reaeive f l u i d s  s h a l l  not b e  handled of 
t ramzksxd  ~mU~taneousLy,  

Karnraf- handlimo and transfer of hazardaus fluids or 
Exatp-,=i 1 s sh&l b e  carried out by two or more persomrel 
who &.all have no o t h e r  dut i e s  during this operation, 

The Tzzddg” sy5tem i s  recommended when hazardous fluids 
or u s t e e n a  - I is being handled so that one m n  can colpe 
to thz assistance of the other i n  the event of an 
acc5xk?t 01: p r ~ ~ b l - .  Handling o f  hazardous fluids or 
mat&& shaorfd be a dedicated task, so as  not to 
a l b  a p r o b h  to occur because of bterference witk 
otber=tasks, 

-y pracedrrres shall be availabk for handUxg, 
at& disposing of s p i l l &  hazardous ELuids C m  

or aafa rials SD as to safeguard p e r s o d .  

- -  

CorrnsZse f L W s  or materials shall  be dauble contained 
during bndlizr,3 and transfer  i n  unpressurized a=, 
C a p a h a t y  bil  be pruvided t o  verify t h e  ixxtegritp a€ 
bcatftcxmta- before and a f t e r  transfer. 

Spec5aL protective garments and equipntenr shall be 
provtr.&d for pzrsonnel working in a t o x i c  emriromment. 
or USEE p o t e n t i 3 u y  t o x i c  elements, 

Transfie;r lines in pressurized azeas shall b e  purged 
a f t e r -  m s f e r  of hazardous flaids and befote 
breakbg plurrbing connectictus. 

- I 
i . 
I 
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FLIGHT 

DATE: COMPLETED BY: 
8/2/73 Summary 

HAZARI)(xTS E”IDS/MAzIERIALS (CONTINUED) 

Means shal1 be prawided for detecting the  presence of 
s p i l l e d  hazardous f l u i d s  or materials while  being 
handled or transferred, 

Procedures shal l  be  ava i lab le  for handling ami 
transferring hazardous f l u i d s  o r  materials without 
releasing fluid or material to t h e  spacecraft atmosphere. 
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COMPLETED BY: 
Summary - 

G?ERA T i S:; S : G6OUNO FLIGHT 

FLIGHT OPERATIONS 

Pressu r i z ing  gas s h a l l  be turned off u n t i l  immediately 
pior  t o  r e l e a s e  of t h e  v e h i c l e  from the Orbiter. 

Tug a t t i t u d e  s h a l l  be cont ro l led  by command of the 
O r b i t e r  crew immediately following release, 

Tug s h a l l  be switched from cormnand c o n t r o l  t o  internal 
a t t i t u d e  c o n t r o l  a f t e r  Orb i t e r  has been s u f f i c i e n t l y  
moved t h a t  no a t t i t u d e  change could r e s u l t  in  collision, 

I n t e r n a l  a t t i t u d e  c o n t r o l  s igna l  of the  Tug shall be 
monitored f o r  accuracy by t h e  Orbiter crew hefore 
release, 

The planned a t t i t u d e s  of t h e  Tug durixg r e l e a s e  a d  
sepa ra t ion  f r o m  the O r b i t e r  s h a l l  be such tha t  the 
a t t i t u d e  c o n t r o l  engines a t  no time accdenrte the 
v e h i c l e  towards the Orbi te r ,  

Orb i t e r  crew controL of the  Tug s h a l l  be p r w i d e d  uztt€l 
s epa ra t ion  from t h e  Orbiter precludes p a s s i b i l i t y  u€ 
recontact - 
Vehicle  p rope l l an t  tank pressures sha11 be recEucd to tfre 
min imum opera t ing  va lue  before  retrieval into tfie 
orbiter CargD bay- 
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I H e Z A R D  C L A S S  

'5TATlJc  
C r i t i c a l  
Open 

4. I n h i b i t  N2O4 wi th  NO t o  prevent corrosion of t i tanium. 

5. 

6. 

Provide personnel  showers and eye wash i n  p rope l l an t  t r a n s f e r  area. 

Provide. f a c i l i t y  vent  s t a c k s  f o r  c o n t r o l l e d  vent ing.  

NO.  1.001 1 

DCL-62 

1 8/2/73 

S Y S T EM : Propuls ion S U B S Y S T E M :  Oxidizer ,  N204 

O P E R D T I O N / P H A S E :  A l l  c 

H A Z A R D  GROUP. 

- 

4 ,  6, 8, and 15 
R E F E R E N C E S  : AFSC DH 1-6,  AFM 160-39 

H A Z A R D  D E S C R I P T I O N :  
Nitrogen Tetroxide,  N204, i s  a co r ros ive ,  h ighly  t o x i c  oxid iz ing  agent.  
flammable i n  a i r  but  supports  combustion and i s  hypergol ic  with the  hydrazines.  

It i s  non- 

P O T E N T I A L  E F F E C T S :  

Liquid n i t rogen  t e t r o x i d e  i n  contac t  with organic  ma te r i a l s  such as sawdust, 
e x c e l s i o r ,  paper o r  co t ton-was te  may cause f i r e s .  

A S S U M P T I O N S / R A T I O N A L E :  
1) Nitrogen t e t r o x i d e  (N204) i s  a yellow t o  dark  brown colored fuming l i q u i d  a t  room 

(Continued on Page 2) 

1 

temperature.  
pungent odor. 
n i t rogen  d ioxide  (N02), with a Threshold L i m i t  Value of 2.5 ppm. 

It emits yel lowish t o  reddish brown fumes having a c h a r a c t e r i s t i c  
The ma te r i a l  i s  a n  equi l ibr ium mixture of n i t rogen  t e t r o x i d e  and 

2) Nitrogen t e t r o x i d e  i s  not  s e n s i t i v e  t o  mechanical shock, heat  o r  detonat ion.  
3) Nitrogen t e t r o x i d e  i s  so lub le  i n  water, forming n i t r i c  ac id  ,and n i t r o u s  acid.  

R E Q U  I R E M E N T S :  

A. Design 

1. 

The l a t t e r  decomposes t o  form add i t iona l  n i t r i c  ac id  and evolves oxides  of ni t rogen.  
~ 

3\ 

E F E R E N C E  
-, 

DCL-54 I Separate  incompatible f l u i d  systems t o  prevent  inadver ten t  mixing. 

2. Design ad jacent  incompatible systems so t h a t  i t  i s  impossible t o  
in te rconnec t  them. 

3. Hypergolic f u e l s  s h a l l  not  be separated by only a s i n g l e  weld. 

DCL-55 

DCL-59 

I (Continued on Page 2) 

I P I  S f O S  I T  I ON: 

1. Entered i n  +zard Catalog. 
I ab 

W. Re O'Halloran, - E x t .  4203 87 
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HAZARD A N A L Y S I S  ( C O N T I N U E D )  

I DATE I 8/1/73 1 

( L l  ST A ,DDIT IONAL CONTENT I N  THE ORDER OF SHEET 1 )  

POTENTIAL EFFECTS 

4 )  Nitrogen Tetroxide contac t ing  the  s k i n  causes  severe burns. 
5) Vapors a r e  extremely tox ic  t o  breathe.  

without discomfort  may cause se r ious  damage t o  the  lungs. 
damage m2y be delayed 5 t o  30 hours a f t e r  exposure. 

Low concent ra t ion  t h a t  may be inha led  
Symptoms of lung 

6 )  Nitrogen Tetroxide contac t ing  the  eyes may cause permanent damage. 
7 )  Concentrated n i t rogen  t e t r o x i d e  vapor contac t ing  t h e  sk in  may cause burns. 
8) Low concent ra t ion  of vapor contac t ing  the sk in  may cause a yellowing of t h e  

skin.  

ASSUMPTIONS / RATIONALE : e) Nitrogen t e t r o x i d e  has  been used s a f e l y  on the  T i t a n  I1 and T i t a n  I11 Programs. 

5) D e t a i l  des ign  and handling procedures can be developed to  reduce t h e  hazard 
l e v e l  t o  Control led,  

REQUIREmNTS 

B. Operat ions 

1. 

2. 

Provide p r o t e c t i v e  c lo th ing  f o r  propel lan t  handl ing personnel.  

Propel lan t  handlers  w i l l  be t r a ined  and c e r t i f i e d .  
- -= - _ _ _ _  

. 3 .  

4 .  

Prope l l an t  handlers  must pass  an annual p rope l l an t  phys i ca l  examination. 

Define the  propel lan t  handling and loading plan. 

5. Operations w i l l  be con t ro l l ed  by de ta i l ed  procedures t h a t  have been 
approved by System Safety.  

, 



H A L A h U  A N ” L Y b I 5  

S T P T U S  

PRClGRPM PHPSE 
-- 

H A Z A R D  C L A S S  I C r i t i c a l  1 
Open 

System Study 

Design ad jacen t  incompatible  systems so t h a t  i t  i s  impossible  t o  
in t e rconnec t  them. 

Hypergolic f u e l s  s h a l l  no t  be separated by only  a s i n g l e  weld. 

Provide personnel  showers and eye wash i n  p r o p e l l a n t  t r a n s f e r  area. 

Provide f a c i l i t y  ven t  s t a c k s  f o r  c o n t r o l l e d  ven t ing .  

I NO. I 1.002 I 

DCL-55 

DCL-40 

EEEA 8/2/73 

S Y S T E t4 : proDulsion S U B S Y S T E M :  Fue l ,  MMH 
O P E R P T I O N I F H A S E :  ~ 1 1  .. 
H A Z A R D  G R O U P :  4 .  6. 8. and 15 

H A Z A R D  D E S C R I P T I O N :  

R E F E R E N C E S :  AFSC DH 1 - 6 .  Am 160-39 

Monomethyl Hydrazine, MMH, p r e s e n t s  f k r e  and explos ion  hazards  and i s  h igh ly  tox ic .  

F O T E V T  1dL E F F E C T S :  
1) 

2 )  E f f e c t s  on personnel  inc lude  the  following: 
n ~ S U t I ~ T I O N S / R A T I O N A L E :  
1) P r o p e l l a n t  grade MMH c o n t a i n s  a minimum of 98% MMH, water is  t h e  o t h e r  main con- 

MMH can be igni ted/exploded i n  a i r  by spa rk  o r  flame, t h e  degree of v io l ence  of 
r e a c t i o n  v a r i e s  wi th  concen t r a t ion ,  temperature and c a t a l y t i c  condi t ions .  

(Continued on Page 2 )  

s t i t u e n t .  It i s  a c l e a r ,  water-white ,  hydroscopic l i q u i d  (ab le  t o  absorb  mois ture  
from t h e  atmosphere) w i t h  a n  ammonia-like odor. 

The f lammabil i ty  l i m i t s  of MMH a r e  2.5% t o  98% i n  a i r ;  vapors  w i t h i n  t h e s e  l i m i t s  
can  be exploded by a n  e l e c t r i c  spark  o r  open flame. 

2 )  

3)  Liquid MMH i s  no t  s e n s i t i v e  t o  impact  o r  f r i c t i o n .  (Continued on Page 2) 

R E Q U I R E M E N T S :  

1. 

2. 

3 .  

4 .  

5. 

A. Design 
Separa te  incompatible  f l u i d  systems t o  prevent  i n a d v e r t e n t  mixing. DCL-54 

B. Operat ions 
1. 

2. 

Provide p r o t e c t i v e  c l o t h i n g  f o r  p rope l l an t  handl ing  personnel .  

P r o p e l l a n t  handlers  w i l l  be  t r a ined  and c e r t i f i e d .  

(Continued on Page 2) 

OCL-1 

_ -  ~ __ 

II I Sf‘OS I T  I O N :  

1. Entered i n  Hazard Catalog b 

C)R I c: 1 ?J 0 TOR / L O C A  T I ON : 

W. R. O’Halloran, Ext ,  4203 



HAZARD A N A L Y S I S  ( C O N T I N U E D )  

r I i 

8/2 /73  I 
( L I S T  A D D I T I O N A L  CONTENT I N  THE ORDER OF SHEET 1 )  

POTENTIAL EFFECTS : 

a .  Liquid - MMH i s  a h i g h l y  t o x i c  chemical f o r  which t h e r e  i s  no known a n t i d o t e .  
It i s  h igh ly  i r r i t a t i n g  and has a severe c o r r o s i v e  e f f e c t  on t h e  sk in .  Hydrazine 
may be absorbed through t h e  s k i n .  I n  t h e  b lood ,  i t  w i l l  de s t roy  hemoglobin and 
lower t h e  sugar  con ten t .  Liquid splashed i n  t h e  eyes  w i l l  cause seve re  t i s s u e  
damage and may cause permanent co rnea l  opac i ty .  

b. Vapor - MMH vapors  are i r r i t a t i n g  t o  the  eyes ,  nose and t h r o a t .  I n h a l a t i o n  of t h e  
vapor s  can  cause d i z z i n e s s ,  nausea and hoarseness .  The e f f e c t s  a r e  n o t  immediately 
n o t i c e a b l e ,  but  appear  g r a d u a l l y  Over a per iod  of  s e v e r a l  hours  exposure.  Severe 
exposure t o  the  eyes  w i l l  produce burns s i m i l a r  t o  f l a s h  burn  from a welding a r c .  
I n  known c a s e s ,  t h e s e  e f f e c t s  have been temporary,  l a s t i n g  one t o  t h r e e  days.  

.ASSUMPTIONS /RATIONALE : 
I 

0 0 4 .  Phys ica l  c h a r a c t e r i s t i c s  i nc lude :  Boi l ing  P o i n t  - 189.5 F; F reez ing  Po in t  - -62.5 F, 1 
F l a s h  Po in t  - 61 - 63OF, Auto I g n i t i i o n  P o i n t  - 382'F. 

5. MMH has  been used s a f e l y  on o t h e r  aerospace  a p p l i c a t i o n s .  

a 

L 

6. D e t a i l  des ign  and handl ing  procedures  can be developed t o  reduce t h e  hazard level 
t o  Con t ro l l ed .  

REQUIREMENTS: 

3. P r o p e l l a n t  hand le r s  must pass  a n  annual p r o p e l l a n t  p h y s i c a l  examinat ion.  

4 .  Define t h e  p r o p e l l a n t  handl ing  and loading  p lan .  

5. Opera t ions  w i l l  be c o n t r o l l e d  by d e t a i l e d  procedures  t h a t  have been approved by 
System Sa fe ty .  

9* 



H A L A K U  ANALY3 I3 

1.003 I l l  
- S Y S T E M :  Propu l s ion ,  Genera l  S U B S Y S T E M :  P r o p e l l a n t  Tanks 

O P E R A T I O N / F i - ' A S E :  Prelaunch and Launch 

H A Z A R D  G R O U P :  10 - P r e s s u r e  

R E F E R E N C E S  : 

H A Z A R D  D E S C R I P T I O N :  
P r o p e l l a n t  Tank u l l a g e  p r e s s u r e  inc reas ing  as a f u n c t i o n  of i n c r e a s i n g  temperature,due 
t o  loss  of environmental  c o n t r o l ,  a f t e r  p rope l l an t  loading  and lockup could cause  tank  
r u p t u r e  . 
P O T E N T I A L  E F F E C T S :  
I n j u r y  o r  dea th  of  personnel  exposed t o  tox ic  vapors  r e l e a s e d  by tank  rup tu re .  

~ -- ~ 

A S S U M P T I O N S / R A T I O N P L E :  
1. 
2.  

3 .  

P r o p e l l a n t s  are  loaded a t  65 5 SOF. 
P r o p e l l a n t  tanks  are  p res su r i zed  wi th  H e l i u m  t o  17.5 p s i a  f o r  f u e l  and 3 0  p s i a  for 
o x i d i z e r  ( a t  70°F) a f t e r  p r o p e l l a n t  loading and locked up. 
S e r i e s  redundant b u r s t l r e l i e f  valves a r e  provided t o  relieve a t  25 psis f o r  f u e l  and 
50 p s i a  f o r  o x i d i z e r .  

' 0 4 .  P r o p e l l a n t  tank overtemperature/overpressure r e l a t i o n s h i p s  a r e  shown on page 2 .  
5. These d a t a  demonstrate  t h i s  hazard i s  e l imina ted .  

R E Q U I R E M E N T S :  
A. Design 

1. Limi t  f u e l  'and p r o p e l l a n t  pressure  r ise  t o  109, over  m a x i m u m  ope ra t ing  
p r e s  s u r  e . 

2 .  Provide  t h a t  tank  p r e s s u r e  w i l l  be r e l i e v e d  b e f o r e  s t r u c t u r a l  l i m i t s  
are exceeded. __ =-, -____  

R E F E R E N C E  

DCL-63 

DCL-64 

- .  

I) I S F'OS I T I ON : 
P o t e n t i a l  hazard e l imina ted  from f u r t h e r  c o n s i d e r a t i o n  due  t o  i n h e r e n t  c h a r a c t e r i s t i c s  

@ of p r o p e l l a n t s  and p rov i s ion  of redundant p r f s s u r e  r e l i e f  dev ices  . 
-z.. -. 

9/ OR I G 1 Y A T ! ? R / L O C A T  I ON: 
W. R. O'Hal loran,  fit. 4203 
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H A Z A R D  C L A S S  Catas trophic 

YTPTl!? 

System Study 

R E Q U  I REMENTS: 
A. Design 

1. Lifting and handling equipment shall be fail-safe. 
2. No single malfunction shall result in loss of control of lifted load. 
3. Design factors of safety for lifting and handling equipment shall be 

a minimum of 5.0 (ultimate). 
B. Operations 

1. Hoisting equipment shall be proof tested to 2.0 times load at least 
annua 1 1 y . 

1.004 1 1 1  

R E F E R E N C E  

I @ A T E  I 08-04-73 I 

S Y S T E t4  : Propulsion, General S U B S Y S T E M :  N/A 

O p E R P T  1 ON/P/-lASE : Transportation and Handling ' 

H P Z A R D  GROUP: 8 - Fire/Explosion/Implosion 
R E F E R E N C E S  : 

H A Z A R D  D E S C R  I P T  I O N :  Mishandling of the Space Tug after propellants are loaded 
presents a fire/explosion hazard if shock loads would cause the tanks to rupture. 

- 

Am 127-100, Explosives Safety Manual 

1 - ~ - - -  I 

D I ~ I ' O C I T I O N :  1 
0 1 .  Entered in Hgzards Catalog. 

I 

OR I G I Y A T O R  / L O C A T  I OM: W. R. O'Halloran, Ext. 4203 
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HAZARD CATALOG 

P A R T  I - H A Z A R D S  L I S T  

@ ?ECTION: I - Propuls ion ,  General  P A G E :  1 

r A Z A R D  - 
'40. 

1.001 

1.002 

1.003 

1.004 

- 
HAZARD 

Highly t o x i c ,  c o r r o s i v e  o x i d i z e r ,  N2O4 

Highly t o x i c ,  f lammable/explosive f u e l ,  MMH 

P r o p e l l a n t  tank u l l a g e  overpressure  

F i r e /Exp los ion  from.both tanks  rup tu re  

X 

1.1 

1.2 

1.3 

n 
ad 
a w  
N >  
a w  
I-l 

C r i t .  

C r i t .  

Cat. 



. HAZARDS CATALOG 
PART 1 I - R E S I D U A L  HAZARDS 

SYSTEM:  Propuls ion I T E M  NO. 1.1 
SUBSYSTEM:  Oxidizer,  N204 HAZARD C L A S S  C r i t i c a l  

COMPONENT : N/A D A T E  8/1/73 - 

HAZARD D E S C R I P T I O N :  

Nitrogen Tetroxide,  N204, i s  a corrosive,  highly tox ic  oxid iz ing  agent.  
nonflammable i n  a i r  but supports  combustion and i s  hypergolic with the  hydrazines.  
H2O4 i n  contac t  with organic  mater ia l s  may cause f i r e s .  
sk in  and eye burns from l i q u i d  o r  vapor, and the  extreme tox ic  e f f e c t s  of 
brea th ing  vapor. 

It i s  

Health hazards inc lude  

RECOMMENDATION:  
1) Since N2O4 has been used sa fe ly  on T i t an  11, Ti tan  111, apd Apollo, i t  i s  

recommended t h a t  N2O4 be accepted a s  t h e  Space Tug s t o r a b l e  oxid izer .  

2) The hazard l e v e l  w i l l  remain c r i t i c a l  u n t i l  hardware bui ld  and approved 
d e t a i l  opera t ing  procedures demonstrate t he  hazard i s  cont ro l led .  

D I S P O S I T I O N :  

7 5  



H A Z A R D S  CATALOG 
P A R T  I I - R E S I D U A L  H A Z A R D S  

S Y S T E M :  Propuls ion  I T E M  NO; 1.2 
SUBSYSTEM:  pue1, HAZARD C L A S S  C r i t i c a l  

8/2/73 COMPONENT : N/A D A T E  . - 

Monomethyl hydraz ine ,  MMH, p r e s e n t s  f i r e  and exp los ion  hazards  and i s  h igh ly  
t o x i c .  It can  be ign i ted /exploded  i n  a i r  by spa rk  o r  flame w i t h  va ry ing  
v i o l e n c e  of  r e a c t i o n .  Heal th  hazards inc lude  s k i n  and eye  burns from l i q u i d  
o r  vapor ,  l i q u i d  abso rp t ion  through the  s k i n ,  and t h e  t o x i c  e f f e c t s  of  vapor  
inha l a  t ion. 

RECOMMENDATION:  

1) Since  MMH has  been used s a f e l y  i n  o t h e r  aerospace  a p p l i c a t i o n s ,  i t  i s  
recommended t h a t  MMH be accepted a s  t h e  Space Tug s t o r a b l e  f u e l .  

2) The hazard l e v e l  w i l l  remain c r i t i c a l  u n t i l  hardware b u i l d  and approved 
d e t a i l  o p e r a t i n g  procedures  demonstrate t h e  hazard i s  c o n t r o l l e d .  

D I S P O S I T I O N :  

. .  
I 
I , 



H A Z A R D S  CATALOG 
P A R T  I I  - R E S I D U A L  HAZARDS 

SYSTEM: Propulsion I T E M  NO. 1 .3 

SUBSYSTEM:  Propellant Tanks HAZARD C L A S S  Catastrophic 
COMPONENT: N /A  D A T E  08-04- 7 3 

m 

HAZARD D E S C R I P T I O N :  
Mishandling of the Space Tug after propellants are loaded presents a fire/ 
explosion hazard if shock loads would cause the tanks to rupture. A low 
grade explosion or fire ball would occur with possible loss of life and/or 
flight hardware and extensive damage t o  facilities. 

RECOMMENDATION:  

1. Establish and enforce rigid criteria/requirements for the design and 
operation of  lifting and handling equipment. 

2. The hazard will remain open until detail design and operating procedures 
meet requirements and adequate Danger Areas have been established. 

D I  SPOS I T  I ON: 

I 
I 
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